Background: A self-assessment questionnaire, the GERD-Questionnaire (GERD-Q) was used to determine the prevalence of GERD in adolescents, describe the related factors, and determine the impact on quality of life (QoL). Methods: The incidence of GERD was evaluated using the GERD-Q in adolescents aged 12-18 years. The Pediatric Gastroesophageal Reflux Disease Symptom Questionnaire and Quality of Life Questionnaire (PGSQ-A) for adolescents were additionally administered. Some factors considered related to GERD were also evaluated. Results: The 520 adolescents were included. The prevalence of suspected GERD, according to a GERD-Q cutoff score of ≥7 was 32.9%, and those drinking soda were 1.7 times more likely to have GERD (95% confidence interval, 1.3-2.2; p<0.001). However, soda consumption was not a risk factor for development of GERD symptoms. Applying a cutoff score of ≥8, only 10.9% of the participants had a positive GERD score, but the association with soda consumption persisted. The median PGSQ-A score in subjects suspected of GERD was 8 (range 0-37) on weekends and 1 (range 0-17) during weekdays (p<0.001) compared to those not suspected of GERD, with a median of 2 (range 0-27) during weekends and 0 (range 0-10) during weekdays. Heartburn, regurgitation, and extraesophageal symptoms correlated significantly with QoL (p<0.001).
INTRODUCTION
Gastroesophageal reflux disease (GERD) is a condition in which reflux of gastric content into the esophagus leads to mucosal damage and clinical problems. Symptoms suggestive of GERD are estimated to occur in 10% of adolescents, and can persist until adulthood [1, 2] . Diagnostic tools such as endoscopy, biopsy, pH-metry and impedancemetry are invasive, and/or expensive, and have limited accessibility as they can only be performed in some referral hospitals [3] [4] [5] . Self-assessment questionnaires for GERD have been developed and were shown to be a useful tool for health care professionals in diagnosing and managing suspected GERD cases. The GERD-Questionnaire (GERD-Q) was developed for adults and was shown to have a sensitivity of 65%, and specificity of 71% [6] . A positive association was demonstrated between the GERD-Q and erosive esophagitis in adolescents [7] .
Several studies have reported a significant quality of life (QoL) impairment in GERD patients compared to the healthy population, similar to other chronic conditions [8] . Different generic and disease specific QoL instruments were evaluated in patients with GERD. The GERD-Q and QoL questionnaire for adolescents (Pediatric Gastroesophageal Reflux Disease Symptom Questionnaire and Quality of Life Questionnaire [PGSQ-A]) is a disease specific questionnaire developed for 9-17 years old children [9] . We previously validated the GERD-Q in an Indonesian population of unselected adolescents (data not published). The goal of this study was to collect information on the prevalence of GERD symptoms in Indonesian adolescents using the GERD-Q, and the impact of these symptoms on QoL. Additional information was collected regarding the prevalence of symptoms during schooldays and weekends. We evaluated whether the prevalence of symptoms could be associated with some dietary risk factors.
MATERIALS AND METHODS
The study was conducted from May until November 2017 in high schools in Jakarta. Subjects aged 12-18 years old were recruited through convenience sampling. Subjects who were known to have a chronic disease, had experienced major surgery, or were treated with antiepileptic drugs, steroids, or non-steroid anti-inflammatory drugs in the past 4 weeks, were excluded. All included subjects were asked to complete self-reporting questionnaires which consisted of the GERD-Q, PGSQ-A and additional questions about lifestyle and selected extraesophageal symptoms possibly related to GERD. Demographic and anthropometric data were also collected. This study was approved by the Health Research Ethics Committee, University of Indonesia Medical School/Cipto Mangunkusumo General Hospital, Jakarta.
The GERD-Q and PGSQ-A were previously translated to the Indonesian language and validated in a comparable population in Jakarta. They are also back-translated from Indonesian to English. The GERD-Q consists of six questions about frequency of GERDrelated symptoms during the past seven days (Table 1) [10] . Questions numbered 1, 2, 5, and 6 are scaled 0 for "0 days", 1 for "1 day", 2 for "2-3 days", and 3 for "4-7 days." Questions numbered 3 and 4 are scaled 3 for "0 days", 2 for "1 day", 1 for "2-3 days", and 0 for "4-7 days," resulting in a GERD-Q score ranging from 0 to 18 [6, 10] . While a score of ≥8 was reported to be the best cutoff score in adults, a score ≥7 has been proposed for adolescents [7] . Therefore, we used both cutoff scores for our data analysis. The PGSQ-A consists of three sections and 35 items (questionnaire can be found at: http://links.lww.com/MPG/A36). Section scores consisted of the sum of item scores divided by the number of items [9] .
Statistical analysis was performed using Stata version 12 and IBM SPSS software version 24 (SPSS Inc., Chicago, IL, USA). The association between risk factors and GERD was analyzed by univariate and multiple logistic regression model. Variables with an odds ratio (OR) and a confidence interval (CI) greater than 1, and p-value <0.05, were considered as significant risk factors for GERD.
RESULTS
We included 520 adolescents attending seven junior high schools (SMPN 1, SMPN 3, SMPN 7, SMPN 18, SMPN 88, SMPN 116, SMPN 216) and five senior high schools (SMAN 2, SMAN 8, SMAN 22, SMAN 45, SMAN 68) in Jakarta. However, 59 subjects were excluded from data analysis because of incomplete or inconsistent answers. Most subjects were female (58.8%) and well-nourished (61.8%) ( Table 1 ). More than 90% of the adolescents reported to have stomach pain and nausea, and about 25% said to suffer from tooth erosions and/or sinusitis ( Table 2 ).
The prevalence of adolescents with a GERD-Q score of ≥7 was 32.9%, with a median score of 7 (ranged 7-11). Subjects with suspected GERD were female (54.3%), well-nourished (62.3%), and under 16 years old (87.4%). However, when a cutoff score of ≥8 was applied only 10.9% (33/461) of adolescents were suspected to suffer from GERD. There were no significant correlations between a GERD-Q score of ≥7 and gender (p=0.173), nutritional status (p=0.897), or age (p=0.131). Heartburn and regurgitation were significantly correlated with a positive GERD-Q score (p<0.001). Some extraesophageal symptoms were also significantly correlated with a positive score: chronic cough (p=0.003), sinusitis (p=0.002) or otitis media (p=0.026) ( Table 2 ). There was a significant correlation (p=0.001) between a positive score (≥7) and soda consumption, with an OR of 1.7 (95% CI, 1.3-2.2), but not for chocolate or coffee. When the data were recalculated using a cutoff score of ≥8, the significant correlation between the score and soda consumption persisted (OR, 2.5; 95% CI, 0.97-6.65; 89.8%) and became positive for chocolate consumption (OR, 1.1; 95% CI, 1.1-1.2). Data on the influence of consumption of coffee, chocolate, soda, spicy foods, or sour foods, and smoking as risk factors for GERD symptoms are listed in Table 3 . Univariate logistic regression analysis showed that neither the consumption of coffee, chocolate, soda, spicy foods, or sour foods, nor smoking were significant risk factors for GERD. However, consumption of soda showed the strongest trend as a risk factor, and was almost statistically significant. Multivariate logistic regression analysis also confirmed that none of those foods or beverages constituted risk factors.
There was a statistically significant difference (p<0.001) between PGSQ-A scores between subjects with a GERD-Q score ≥7 and <7 (Fig. 1) . Based on the PGSQ-A, 61.6% subjects with a positive score worried about having stomach, chest, and/or throat problems during https://pghn.org https://doi.org/10.5223/pghn.2019.22.4.341
The Gastroesophageal Reflux Disease Questionnaire in Adolescents: What Is the Best Cutoff Score? the past 7 days, and 52.9% felt their school activities were disrupted because of stomach, chest, and/or throat problems ( Table 4) . In subjects with a GERD-Q ≥7, only heartburn, regurgitation and extraesophageal symptoms were weakly correlated with QoL. Heartburn had a weak correlation with weekend (R=0.448) and weekday (R=0.393) QoL scores, whereas regurgitation had a weak correlation with weekday QoL scores only (R=0.317) ( Table 5) . Heartburn (R=0.46) and extraesophageal symptoms (R=0.45) were moderately correlated with weekend and weekday QoL scores.
DISCUSSION
The prevalence of a GERD-Q score of ≥7 in adolescents aged 12-18 years old in this study was 32.9%. Syam et al. [11] showed that based on a GERD-Q cutoff score of ≥7, the GERD prevalence in an Indonesian adult population was as high as 57.6%. This is much higher than other studies in adults.
Data from Japan and France report a prevalence of GERD of 4% and 8% based on the GERD-Q [11, 12] . A major difference is the definition of GERD and the diagnostic tool used. In Japan, Okimoto et al. [12] reported a prevalence of GERD in 4.4% of children aged 6-19 years old based on the GERD-Q using a cutoff score of ≥8. Using the same cutoff score, we found a prevalence of 10.9%. The majority of adolescents in our study had a GERD-Q score https://pghn.org https://doi.org/10.5223/pghn.2019.22.4.341
The Gastroesophageal Reflux Disease Questionnaire in Adolescents: What Is the Best Cutoff Score? between 7 and 9, which is in the intermediate zone between ≥7, as proposed in adolescents, and ≥9, as proposed in adults. Since the age of our study population was 12-18 years old, with the majority younger than 15 years (398/459; 87%) ( Table 1) , we did not use the cutoff score of ≥9 because it has only been proposed in adults. In France, Martigne et al. [13] defined GERD as QoL impairment due to GERD symptoms, and found that 7.6% of the adolescents aged 12-18 years old suffer from GERD.
There were statistically significant associations between GERD and heartburn, regurgitation, and sleep disturbances. Regurgitation is the most common symptom of GERD in infants, but its frequency decreases with age. On the other hand, heartburn is a typical symptom of GERD that increases n frequency with increasing age. Adolescents have a better ability to recognize and describe heartburn compared to younger children [13] . Some extraesophageal symptoms (chronic cough, sinusitis, otitis media) also showed statistically significant associations with a positive GERD-Q score. Reflex responses between the esophagus and naso-pharyngobronchial airways, microaspiration, and direct reflux into the nasopharynx are considered mechanisms of GERD related to cough and sinusitis [14] [15] [16] [17] . Direct gastroesophageal reflux into the middle ear may cause mucosal edema in the tuba eustachius area, and obstruction will lead to otitis media. A study by Sone et al. [18] showed that the pepsinogen titer in the middle ear liquid was higher in patients with GERD, and it decreased after administration of proton pump inhibitors (PPIs). However, these findings are open for debate as PPIs do decrease acid reflux, but not overall reflux [19] . This would mean that only acid reflux would be relevant to explain these associations. Moreover, although associations have been shown, causality has not.
We did not evaluate whether the cause of chronic cough was due to asthma, so there might be overlap in the association assessment between GERD and chronic cough or asthma. A systematic review described that there was a possible association between GERD and asthma in children, but causality could not be defined [20] . Asthmatic patients are more likely to have GERD because the increased intrathoracic negative pressure and greater descent of the diaphragm may cause more reflux [16, 21] . Reflux was reported to precede cough [22] . Thus, reflux seems to be a possible cause of cough, but cough seems not to induce reflux [22] .
The current study also showed a statistically significant association between suspected GERD and soda consumption. A systematic review by Johnson et al. [23] showed that there is no consistent evidence that soda drinks directly damage the esophagus or increase the prevalence of GERD. However, soda drinks decrease intraesophageal pH, reduce lower esophageal sphincter pressure, and increase gastric load. Associations have been shown between GERD and smoking cigarettes [24] , and between GERD and alcohol consumption [25] . However, in our study very few adolescents reported smoking cigarettes (6/461) or consuming alcohol (4/461). Although soda consumption was higher in adolescents with a positive GERD-Q score, it was not a risk factor for GERD although it nearly reached statistical significance.
Because of the research method applied, we have no information about lactose intolerance, Helicobacter pylori infection, or other gastrointestinal infections such as those caused by parasites which may be confounding variables to our findings. These conditions may cause similar symptoms to those in GERD.
Subjects suspected of having GERD had a lower QoL compared to subjects not suspected of having GERD, and PGSQ-A scores differed significantly between the groups. This finding is similar with other studies conducted in pediatric or adult populations using different QoL assessment tools [26] [27] [28] . The most common QoL disturbances were feeling worried about stomach, chest, and/or throat problems (60% of subjects) and feeling tired during the day. These two complaints can lead to anxiety disorders or depression, which are the two most common emotional problems in children with chronic diseases [29, 30] . Almost 15% of the adolescents in our study reported being "always anxious." Further evaluation to detect anxiety disorders seems indicated in these adolescents. Additionally, 50% of subjects suspected of having GERD felt their school activities were disrupted because of GERD-related symptoms. Children and adolescents with chronic diseases that are not related to cognitive functions can also have academic problems because of absences from school, emotional problems, or disease or treatment effects of the general condition.
Many studies have shown that severity and frequency of symptoms are correlated with QoL. In this study we found positive correlations between QoL and heartburn, regurgitation, and extraesophageal GERD symptoms, although the correlation coefficient showed a weak relationship. We recognize that association does not mean causality. However, these results indirectly indicate that optimal management of GERD to decrease these symptoms could increase the QoL of these patients.
In conclusions, the prevalence of suspected GERD in Indonesian adolescents aged 12-18 years old using the GERD-Q with a cutoff score of ≥7 was 32.9%. However, applying a cutoff score of ≥8 decreased the prevalence to 10.9%. However, since applying a cutoff score of ≥7 or ≥8 decreases the prevalence of suspected GERD by more than 20%, the majority of adolescents do not present with severe manifestations. Using the cutoff score of ≥7, statistically significant associations were found between GERD and soda consumption, heartburn, regurgitation, sleep disturbances, and extraesophageal GERD related symptoms (chronic cough, sinusitis, and otitis media). Subjects suspected of having GERD had a lower QoL compared to subjects not suspected of having GERD subjects, and PGSQ-A scores differed statistically between the two groups. The diagnosis of GERD in adolescents remains a challenge since objective measurements such as impedancemetry are often impossible to perform, and many adolescents have a GERD-Q score "around" the cutoff scores proposed in literature.
